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Intrlnslcally Irreversible Acoustic Heat Engfnes

6. M. Swift, A. Miglforf, T. Hofler, J. C. Mheatley

Condensed Hatter & Thermal Physics Group

Los Alarnos National Laboratory, Los Alamos, NM 87545

In a demonstration of an Intrlnslcally Irreversible acoustic heat engine,

a tube containing a stack of plates Is heated at one end and cooled at the

other, producing sound at the lowest resonant frequency of the tube. As

outllned In Fig. 1, the engfne works because the air in the stack or plates Is

mostly about a thermal penetration depth from the nearest plate, so that the

acoustic motfon of the alr causes ft to experience temperature osctllatlons

that are phased with respect to the acoustic pressure oscillations In such a

way that net work Is done by the air. Me call such engines ‘Intrlnslcally

Irreversible” because the necessary phasing Is caused by the rather poor

thermal contact between the plate and the gas a thermal penetration depth

away. Not only prime movers but also heat pumps and refrigerators can be

designed. The references sunmrlze our current understanding of these

phenomena. The agreement between our theoretical work (based on work of

N. Rott) and measurements we’ve mede with engines using both alr and hell~lm

gas thermoacoustlc working flulds fs good, so we belleve we understand these

●ngines well.

Three projects we’re currently working on are an acoustic cryocooler, a

‘beer cooler”, and a llquld sodium acoustic primer mover. The acoustic

cryocooler, shown in Fig. 2, functions as a refrigerator driven by a modlfled

loudspeaker. A loudspeaker piston P drives the fundamental acoustic resonance

tn the hellum gas ~n a resonator T-V; heat is thereby pumped from a cold heat

exchanger C through a stack of plates S to a hot heat exchanger h. Temperature

differences of 100° C and coollng pow:rs of a fractlnn of a Matt are typical

of the results we are getting with this device. The ‘beer cooler”, shown in

Fig. 3, fs a heat-driven refrigerator deslqned to absorb heat from a high

temperature source, reject heat at room temperature, and thereby remove heat

from a load (the beer) just below room temperature. Again, helium gas In a

resonator IS used; one stack of pliites produces sound from heat and another

stack uses that sound to refrlgeiate. The numbers in Ftg. 3 are calculated

values; this engine Is now be~ng a$swnbled.
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The ltquld sodlumacoustlc prime mover, the most dtfficult of our current

projects, IS shown very schematically In Fig. 4. The thenmacoustlc working

substance will be llquld sodium instead of a gas. The mdel ●ngln~ we are

buildlng wI1l have a 1 kHz resonator about a meter long and 10 cm2 tn cross

section and should absorb about 5 ““U of heat at 700°C, reject about 4 kU at

100”C, and produce about 1 kklof acoustic power. The acoustic power wfll be

converted to electrfc power either magnetohydrodynamlcally or by =ans of a

varfable reluctance generator (we’re ●xperlnmtlng with both) with a high

efficiency.

Llqutd sodium Is an excellent working substance for this ktnd of engine,

for a number of reasons. Its high density (compared to a gas) leads to high

power density In the ●ngine. Its low Prandtl number (0.004 at 700”C) makes

Vtscous lossis small. Its high electrical conductivity mikes magnetohydro-

dynamlc conversion of acoustic power to electric power possible. And Its

therma”l expansion coefficient, while only about a quarter that of a gas, Is

still adequately large.

Ue have completed extensive, detailed calculations of the behavior of

this englneo and are now assembling components. Although our experience with

thermoacoustlcs in gases has given us confidence In our understanding, our

approach, especially toward the liquid sodium engine, Is still oriented

toward study of fundamental principles rather than optimally engineered

designs for speclflc applications.

REFERENCES

‘Theory and Calculations for an Intrinsically Irreversible Acoustic Prime
Mover Usfng L\qu\d Sodlumas Primary Working FluId,m G. U. Swift, A. Hlgllorl,
T. Hofler, and John Wheatley, %ubmitted to J. Acoust. Sot. Am,

“Understanding Some Simple Phermena in Thermoacoustlcs with Applications to
Acoustical Heat Eng\nes.’ John Mheatley, T. Hofler, G. U. Swift, and A,
Hlgllor~, Am. J. Phys., In press,

‘An Intrinsically Irreversible Thermoacoustlc Heat Engine.g J. C. Uheatley,
T. Hofler, G. H. Swift, and A. Mlgllori, J. Acoust, Sot. Am. ~, 153 (1S83).

‘Experiments with an Intrinsically ~rrev~rslble Acoustic Heat Eng\ne,” J. C.
Uheatley, T. tlofler, G. U. Swift, and A, Mlgllori, Phys. Rev. Lett. ~, 499
(1903).

-2-



. ... ... . ... . . . . ... . .._

-—

hot

cold

J
cooler hotter

thermal
peng:j~~ion

/ c’”>

Mot

hotterabsorbinghea from
iPart o Mote

n
movingleftas soundwave
exoandsit

\
moving rightas soundwave

)
u pfcompressesit reJectin h at to cooler

Parto p ate

—
Wlume

Fig, 1, The demonstration,and how such engines work,
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Figs 2, Acousticcryocoolert
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Fig, 4. SChemOtiC,liquidsodium
acousticPrimemover.


